Abstract -This paper describes the computation of three-dimensional electromagnetic field distributions in the eddy-current testing for detecting defects of steel pipes. The boundary element method using vector variables was used for the computation of three-dimensional distributions of eddy current and magnetic flux density. The computation results of the phase of the magnetic flux density on the inner surface was compared with the experimental results of that, and then the mechanism of detecting defects of steel pipes became clear by the computation results.
INTRODUCTION
Eddy-current nondestructive testing has been discussed in some papers [l] - [5] by using experimental data and/or numerical analysis. This paper describes the computation of three-dimensional electromagnetic field distributions in the eddy-current testing for detecting defects of steel pipes. The boundary element method using vector variables [6] , [7] is used in order to compute three-dimensional distributions of eddy current and magnetic flux density.
Three-dimensional steel pipe model of eddy-current testing is chosen as a computation model. In the model, there are some holes to be detected, and they are detected by magnetic flux due to an exciter coil placed at some distance. The computation results of the phase of the magnetic flux density on the inner surface is compared with the experimental results of that. The mechanism of detecting holes in the steel pipe is discussed by using the computation results of eddy current and magnetic flux.
BOUNDARY ELEMENT METHOD
The boundary element method using vector variables[6], [7] is used for the computation of three-dimensional distributions of eddy current and magnetic flux density. In the boundary element method, electric field and magnetic flux density are defined as unknown vector variables.
Electric field Zi and magnetic flux density rBi at any computation point i in the region V, which is enclosed by the surface S, are obtained by using the vector Green's theorem based on Maxwell's equations as follows [6] :
where R -is the solid angle subtended by S at i, +I. n is the unit normal vector at source point, 6 is the fundamental solution.
The boundary surfaces between two materials are divided into a number of triangular elements on which electric field and magnetic flux density are assumed to be constant. The shape of the triangular element is defined by a linear function of coordinates. After introducing boundary conditions of electric field and magnetic flux density to the equations formed at the boundary surfaces by Eqs. (1) and (2), final simultaneous equations are set up. The eddy current in the conductor and the magnetic flux density at any point are computed by using electric field and magnetic flux density on the boundary surfaces. The relative permeabil' y and the conductivity of the pipe is 400 and 3.3~10 , respectively. Figure 3 shows the computation results of amplitude and phase of magnetic flux density on the inner surface of the pipe. The phase of magnetic flux was measured by a pick-up coil and was compared with the computation results. As shown in Fig. 3(a) , the shape of the polygonal line of measured phase is similar to that of the computed phase, but there is some difference between the two polygonal lines in their levels. 
